Introduction
The IPNS accelerator system has been described in detail previously. as complicated as most large high and medium energy accelerators and, therefore, can be brought up from a completely shutdown state to 90% of full beam in about eight hours. This characteristic enhances scheduling flexibility and also minimizes wasted standby electrical power, thus providing a good neutron per dollar ratio.
Neutron scattering experimental equipment also makes for unusual accelerator operating conditions. Three of the neutron beams have neutron choppers in them. A neutron chopper is a rotating cylinder with a small slot in it. The cylinder is driven by a small hysteresis synchronous motor. If the slot is properly synchronized to the 90 ns proton pulse, only neutrons with precisely known energies will pass through the moving slot to the experimental sample. The torque to inertia ratio on ANL neutron choppers is so low that they are unable to stay precisely in phase with the power mains.
Therefore, means have been devised to synchronize the accelerator operating 3cycle to the motion of the chopper rotating cylinder.
The synchronizing system described in the referenced paper has worked reasonably well when only one neutron chopper is in operation. In fact, proper energy neutrons are delivered to the sample on 98% of the proton pulses. Having the accelerator track the neutron chopper causes a time variable phase slip between the accelerator power supplies and the power main.
This phase slip has a small but noticeable effect on the stability of many power supplies which effectively prevents the beam intensity optimization which is usually achieved during trial and error tuning by the synchrotron operators. Faulty fast kicker extraction power supply cabling was accounting for over half the reliability troubles and its problems were voltage and, therefore, beam energy dependent. The compromise chosen was lowering the beam energy to 400 MeV. This allowed good operation while the kicker problems were being solved.
The machine is currently running at 450 Mev and is scheduled for 500 MeV operation soon.
At the reduc f energy, the goal of a reliable 8 pA (1.66 x 10 protons per pulse, 30 Hz) proton beam was met. Table I shows several of the parameters of interest and compares them to operating data obtained in 1980.
The benefits of new equipment installed during the 1980-81 shutdown are clearly visible. When proton energy and reliability are taken into account, the 1982 neutron yield per scheduled unit time increased by a factor of 3.25. Short-term peak currents of 11.2 pA and weekly averages of over 9.5 pA have been achieved.
The RCS shielded tunnel has a mean diameter of 50 ft, a width of 7.5 % and a mean height of 8 ft. Delivery of 6 x 10 protons in seven months from such a compact machine and retaining hands-on maintainability implies very efficient handling of the beam.
An average of 85% of the 50 MeV protons delivered to the RCS are extracted to the target at 450 MeV.
Judicious operation and many automatic protective devices have kept residual radiation levels moderate.
Maintenance personnel were exposed to a total of only 7.55 man-rem of radiation in 1982. Expectations were that the H current delivered through the linac to the synchrotron would increase by a factor of 2.5 to 15 mA. Actually 16 mA has been achieved.
The synchrotron is not expected to be able to handle all the 50 MeV beam available, but an increase in the average current to 10 iA (25%) had been expected within 3 operating months.
In fact, during the first two weeks of operation, the average current is up to 9.3 pA and short-term peak currents of 11.4 pA have been recorded, so the new ion source is quite a success. During the only accelerator study period prior to writing this paper, it was possible to efficiently capture and accelerate 3 x 1012 to an energy of 350 MeV before the particles were lost due to the high energy instability.
A change in working point at injection was required to handle over 2.4 x 1012 efficiently. 
